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Abstract
Bovine collagen matrix used in this study consists of a porous collagen matrix of bovine origin(spongiosa) and has been
evaluated as potential candidates for bone regenerative therapy. It has been used in the oral cavity under a variety of indica-
tions. This study was performed to evaluate the bone formation effect of the bovine collagen matrix in rat calvarial and
mandibular defects. Critical-sized eight-mm calvarial defects and five-mm mandibular defects were created in 60 male
Sprague-Dawley rats using trephine bur. The animals were divided into 4 groups. Each group received one of the following:
Control(Sham-surgery), and experimental(bovine collagen matrix) for calvarial defect and mandibular defects. In the
mandibular defect model, both sides of the mandible were used for the experiment. Defects were evaluated by histologic
and histometric parameters following 2- and 8-week healing intervals (10 animal/group/healing interval). Overall results
were uneventful without any defect exposure or inflammation. The amount of new bone formation and bone maturity
increased with the increase in healing period at each group. On histologic observation, a large amount of newly formed bone
was observed in the experimental group. Moreover, bovine collagen matrix was observed at 2 weeks, but by 8 weeks, the
bovine collagen matrix appeared to be completely absorbed. Histometric analysis revealed that the amount of new bone was
significantly greater in the collagen matrix treated sites than in the control at 8 weeks in calvarial defects (P<0.05). Within
the limits of the study, these results suggest that the use of the bovine collagen matrix on the calvarial and mandibular
defects in rats has a beneficial effect on the regeneration of bone tissue. 
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치과분야에서발치, 외상, 구강내소수술, 악골 낭종 등 다양한 원인이 의해서 악골내에 골결손(bone defect)이일어나게되며, 양호하지못한골
결손부치유는여러가지문제점을발생시키게된다. 치유부
전에의해골결손형태가커질경우기능적으로저작기능에
문제를 야기할 뿐만 아니라, 심미적으로도 문제를 발생시켜
환자의 삶의 질을 저하시키게 된다. 또한, 골치유(bone


















































그러나, 아직본연구에사용된bovine collagen matrix의
골재생 효과에 관해서 동물실험적으로 보고된 바가 없으며,
치과 영역에서의 여러 골결손부에 적용시의 효과에 대해서
















델에각각체중 250~300g의 웅성백서 (Spraque-Dawley
rat) 40마리와체중 450~500g의 웅성백서 20마리를사용






B.Braun Melsungen AG, Melsungen, Germany)(Fig. 1)
를이식한군을실험군으로설정하였다. 각군은수술후2주,





각 군의 백서에 Ketamine hydrochloride(KetalarⓇ,
Yuhan Co., Seoul, Korea)와 Xylazine(Rompun, Bayer
Korea, Seoul, Korea)을 4:1로 혼합하고 근육주사
(70mg/kg)하여전신마취시켰다. 결손부형성부위에제모를
시행하고 povidone iodine으로 소독한후, 수술 부위를 2%
Ⅱ
Fig. 1. Disc-shaped bovine collagen matrix used in this
study.
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Fig. 2. The calvarial defect was produced to measure 8
mm in diameter with a trephine bur.
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Lidocaine(2% lidocaine, 1:100,000 epinephrine,
Kangmyung Pharm., Seoul, Korea)으로 침윤 마취하였
다. 두개골결손부실험에서는백서의전두골전방부에서후
방부까지 정중부를 따라 두피를 절개하여 두개골의 상면을
노출시켰다. 노출된 두개골의 상면에 외경 8mm trephine
bur(3i, Palm Beach Gardens, FL, USA)를이용하여지름
8mm의원형결손을형성하였다10)(Fig. 2). 실험군에는직경
8mm, 높이4mm의bovine collagen matrix를결손부에위
치시키며, 대조군은 아무 처치도 하지 않았다. 두피를 덮고
4-0 coated Vicryl(Polyglactin 910, braided absorbable
suture, Ethicon, Johnson & Johnson Int., Edinburgh,




악골의하악지부위에외경 5mm trephine bur를이용하여
지름 5mm의원형결손을형성하였다11)(Fig. 3). 실험군에는
직경5mm, 높이4mm의collagen matrix를결손부에위치
시켰으며, 대조군은아무처치도하지않았다. 절개부위의근




실험동물을술후각군당 2주와 8주후에희생시키고, 실
험부위를적출하였다. 적출부위를 20% 중성 포르말린에 10
일간고정시킨후, 7일간 EDTA-HCl로탈회시킨후통법에






조직계측학적 분석을 시행(Image-Pro PlusⓇ, Media
Cybernetics, Silver Spring, MD, USA)하여, 결손부 내에
형성된신생골의면적(㎟)을 계측하였다. 이 값을 각 주별로
평균내어군간비교하였다.
A B
Fig. 3. (A) Schematic diagram of the 5mm in diameter, full-thickness, circular defect in the rat mandible.  
(B) X-ray appearance of a rat mandible postoperatively at 2 weeks, before sacrifice. Control mandible (without bovine
collagen matrix).
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5) 통계학적분석
통계분석시행시결손부의신생골형성량을비교하기위해
조직학적 계측 결과는 평균±표준편차로 표현하고, two-
way ANOVA를이용하여군과시간두변수간의상관관계를
확인하였다. Unpaired t-test를이용하여시간별로군간유









①2주소견(Fig. 4-A, Fig. 5-A)
두개골 및 하악골 결손부 모두 결손부의 대부분은 섬유성




둘러싸여 있는 것이 관찰되었으며, 기존의 잔존골과 신생골
사이에반전양상(reversal line)이관찰되고있었다.






찰되고있었다. 아울러, 2주에비하여 8주에서보다많은신
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Fig. 4. Representative photomicrographs of calvarial
defects receiving the sham-surgery control at 2 weeks
(A) 8 weeks (B). Thin, fibrous connective tissues may be
observed between the defect margins (▲=defect margin;
H&E stain; original magnification ×16).
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Fig. 5. Representative photomicrographs of mandibular
defects receiving the sham-surgery control at 2 weeks
(A) 8 weeks (B). Thick, fibrous connective tissues and
muscle fibers may be observed between the defect
margins, New bone formation was observed adjacent to
the margins of the defect. At 8 weeks, more muscle fiber
invagination was observed (▲=defect margin; NB=new
bone; CT=connective tissue; MF=muscle fiber; H&E stain;
original magnification ×20).
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B
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Fig. 6. Representative photomicrograph of calvarial
defects receiving the bovine collagen matrix at 2 weeks
(B; boxed area in A).  New bone formation was
observed between and besides the margins of the
defect. Some degraded collagen fragments were
observed around the newly formed bone (▲=defect
margin; *=collagen fragments; NB=new bone; H&E stain;
original magnification: A ×16 and B ×100 ).
Jeong-Ho Yun et al: Effect of the bovine collagen matrix on bone formation in rat cal-
varial and mandibular defects. Implantology 2010
original article
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서 보다 많은 골형성이 관찰되었고, 결손부의 중앙부위에는
보다치밀한결합조직이형성되어있는것이관찰되었다. 아
울러, 두개골 결손부에 비해 하악골 결손부에서는 잔존하는
collagen matrix가드물었으며, 결손부중앙으로근육섬유
의증식이관찰되었다(Fig. 7). 




모두 흡수되어 관찰되지 않았다. 밀집된 결합조직이 일정한
방향성을갖고나열되어있었다. 2주와마찬가지로결손부의
3면에서신생골형성이이루어지고있다. 2주소견에비하여
조골세포와 골성조직이 감소되었으나 조직내에 계속적으로








1) 두개골결손부 (Table 1)
두개결손부의신생골형성량은 2주와 8주에각각대조군
은 0.158±0.103 ㎟, 0.207±0.117 ㎟, collagen matrix 실
험군에서는 0.493±0.192 ㎟, 1.540±0.623 ㎟으로나타났
다. 2주와 8주를비교하였을때실험군에서통계학적으로유
의하게8주에서더높은신생골형성을나타냈으며, 대조군과
실험군을비교하였을때는 2주, 8주 모두에서통계학적으로
유의하게실험군에서증가된신생골형성량을보였다. 
2) 하악골결손부 (Table 2)
하악골결손부의신생골형성량은 2주와 8주에각각대조
군은 1.917±1.389 ㎟, 4.623±2.128 ㎟, collagen matrix
A B
Fig. 7. Representative photomicrographs of mandibular defects receiving the bovine collagen matrix at 2 weeks (B;
boxed area in A). The histological observation of the defect was similar to sham-surgery control. The collagen matrix
biomaterial appears to be already absorbed at 2 weeks  (▲=defect margin; NB=new bone; CT=connective tissue;
MF=muscle fiber; H&E stain; original magnification: A ×20 and  B ×100).
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Fig. 8. Representative photomicrograph of calvarial defects receiving the bovine collagen matrix at 8 weeks (B; boxed
area in A).  New bone formation was observed between and besides the margins of the defect. There was observed a
lot of consolidations of lamellar bone. The collagen matrix biomaterial appears completely absorbed (▲=defect margin;
NB=new bone; OS=osteon; H&E stain; original magnification: A ×16, B ×100).
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A B
Fig. 9. Representative photomicrographs of mandibular defects receiving the bovine collagen matrix at 8 weeks (B;
boxed area in A). The histological observation of the defect was similar to sham-surgery control (▲=defect margin;
NB=new bone; CT=connective tissue; MF=muscle fiber; H&E stain; original magnification: A ×20 and B ×100).
Jeong-Ho Yun et al: Effect of the bovine collagen matrix on bone formation in rat calvarial and mandibular defects. Implantology 2010
original article








재로서자가골, 동종골, 이종골, 골대체물과합성골등이개
발되어각각의장/단점을지니고실험및임상에서다양하게
사용되어왔으나여러가지문제점을보여왔다. 골이식재의
궁극적인 목적이 골이식재의 신생골에 의한 치환이므로, 골
친화성이우수하고, 골재생에따라적절히흡수될수있는생
분해성골이식재에대한관심이증가되고있다. 이러한생체





징을지닌다: 낮은면역반응, 조골세포부착, 지혈작용, 조직
으로부터획득용이. 이러한이유로다양한콜라겐를기초로
한 생체재료가 골결손의 치료에 적용되어져 왔으며4-6,14,15),
창상치유, 조직재생및성장인자의전달체등의기능으로인
해점차그중요성이증가하고있다.
본 연구에서 사용된 bovine collagen matrix는 순수한
Ⅳ
Table 1. New Bone Area (group mean ±SD, ㎟)
Group 2 weeks (N) 8 weeks (N)
Control group (sham surgery) 0.158±0.103 (10) 0.207±0.117 (10)
Experimental group (bovine collagen matrix) 0.493±0.192* (10) 1.540±0.623*† (10)
* Statistically significant difference compared to sham-surgery control group (P <0.05)
† Statistically significant difference compared to 2 weeks group (P <0.05)
Jeong-Ho Yun et al: Effect of the bovine collagen matrix on bone formation in rat calvarial and mandibular defects. Implantology 2010
Table 2. New Bone Area (group mean ±SD, ㎟)
Group 2 weeks (N) 8 weeks (N)
Control group (sham surgery) 1.917±1.389 (10) 4.623±2.128* (10)
Experimental group (bovine collagen matrix) 2.074±1.074 (10) 5.186±2.190* (10)
* Statistically significant difference compared to 2 weeks group (P <0.05)
Jeong-Ho Yun et al: Effect of the bovine collagen matrix on bone formation in rat calvarial and mandibular defects. Implantology 2010
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type-Ⅰ 콜라겐으로, 조골세포의 성장에 강한 자극 효과를
지니고, 콜라겐합성을크게증가증가시킨다고보고된바있
다. 이러한이유로골결손부위를bovine collagen matrix로
충전하는것이빠르고양호한골성장을위해서매우적절한
방법이라고 제시되었다16). 뿐만 아니라, type-Ⅰ 콜라겐과
수산화인회석은 골조직의 주요한 구성인데, 이중 콜라겐 자





직학적, 조직계측학적으로 대조군에 비해 bovine collagen







경과 후에 36%에서 골결손부가 완전히 골화되고, 57%에서
골결부의크기가줄어들었다고입증되었다19). 
한편, 본실험에서bovine collagen matrix 적용후, 두개
골결손부및하악골결손부모두에서2주와는다르게8주에
서콜라겐이거의흡수되어잔존하지않는것이조직학적으
로 관찰되었다(Fig.8, Fig.9). 이처럼 생체내에서 bovine
collagen matrix가 점차적으로 흡수되는 동안 새로운 골조












하여, 콜라겐 매트릭스가 초기에 섬유성 연조직이 골결손부
로증식되는것을다소방지하는기능을하여골조직이형성
될수있는환경을제공하는것으로여러문헌에서보고된바




근조직의 침투력이 강한 상황에서는 이러한 조직의 증식을
억제하는 능력이 떨어지는 것으로 확인 할 수 있다(Fig. 7,







계크기결손(Critical Size Defect, CSD)이라고한다. 이번
연구에사용한백서의두개골및하악골모델에서의임계크
기결손은각각지름8 ㎜와5 ㎜의원형결손이다. 본실험결
과 두개골 결손부에서는 조직계측학적으로 8주에서의 신생
골 형성량이 대조군보다 통계적으로 유의성을 가지고 높게
나타났으나, 하악골결손부에서는신생골형성량이대조군에
비해높았으나통계적인유의성을나타내지는않았다(Table
1, Table 2). 이는앞에서언급한바와같이하악골결손부에
서는조직치유과정에서인접결합조직과근육조직의결손
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상실되어신생골형성량이대조군과큰차이를갖지않는것
으로 생각된다. 아울러, 결손부 모델 측면에서도, 결과에서














식한 후, 12개월 동안 골형성에 대해 조사한 결과 bovine




가하기 위하여 시행되었다. 결과적으로 bovine collagen
matrix는백서두개골및하악골결손부에서효과적인골재
생과생분해성을나타내었다. 
결론적으로, 본 실험에서조사된 collagen matrix는 골전
도성과 생분해성이 양호한 골이식재로 골결손부의 치유 및
재생에유용하게활용될수있을것으로사료된다. 그러므로,
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